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.2012.11.Abstract The paper concerns with the radical polymerization of [octadecyl acrylate (ODA), isooc-
tyl acrylate (iso-OA) and a-oleﬁns 1-Octene (n-O)]. These microemulsions were stabilized by sodium
dodecyl sulfate (SDS) and initiated by water-soluble initiator potassium persulfate (KPS). The nano-
latex particle sizes were determined by transmission electron microscope (TEM). They were situated
between 10 and 100 nm. The microstructures were conﬁrmed by FT-IR and molecular weights deter-
mined by Gel permeation chromatography (GPC). The obtained M. wt. were (70 · 103, 101 · 103
and 153 · 103 g/mol). The polydispersity, molecular weights, and particle sizes were discussed in the
light of micelle formation and shape of the alkyl group via emulsion polymerization.
ª 2012 Egyptian Petroleum Research Institute. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Mixtures of oil, water, and emulsiﬁer (surfactant) have attracted
much attention in colloid science. Oil and water are essentially
not miscible and coexist as the water and oil phase, each satu-
rated with traces of the other component. Emulsiﬁers are solu-
ble in one or both solvents, but form a true molecular solution
of emulsiﬁer monomer at low concentrations only but at higher
concentrations, they aggregate intomicelles. Three or four com-
ponent mixtures containing water, oil, emulsiﬁer and coemulsi-
ﬁer can form not only kinetically stable emulsions but also45902; fax: +20 2227727433.
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001thermodynamically stable microemulsions [1,2]. A microemul-
sion is described as a transparent dispersion of two immiscible
liquids in the presence of a suited surfactant. They are the only
heterophase polymerization techniquewith awell-deﬁned initial
state [3] that is low viscosity [4] (Newtonian ﬂow behavior) and
ultra low interfacial tension [5] transparent oil–water disper-
sions and thermodynamically stable [6]. The physical destabili-
zation of emulsions is related to the spontaneous trend toward a
minimal interfacial area between the two immiscible phases.
Therefore, a minimization of interfacial area is attained by
two mechanisms: (i) ﬂocculation followed mostly by coales-
cence, and (ii) Ostwald ripening [7–9]. Microemulsion polymer-
ization involves the propagation reaction of free radicals with
vinyl monomer in very ﬁne oil droplets dispersed in the contin-
uous aqueous phase. Unlike the classical emulsion, the
transparent or translucent reaction system comprising micro-
emulsion droplets is thermodynamically stable in nature and
these tiny droplets (1–10 nm in diameter) exhibit an extremely
large oil–water interfacial area (105 m2/dm3) [2,10–12]. Inhosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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to prepare nanolatexes and to make polymers of very high
molecular weight [13]. Signiﬁcant research efforts have been de-
voted to the free-radical polymerization of hydrophobic mono-
mers [e.g., styrene (ST), methylmethacrylate (MMA), and
butylacrylate (BA)] in oil-in-water (O/W) microemulsions.
The anionic surfactant (e.g., SDS) in combination with a
short-chain alcohol (e.g., C5H11OH) as the cosurfactant is the
most popular stabilization package [14]. The most commonly
used water-soluble initiator is potassium, ammonium or sodium
salt of peroxodisulfate and oil soluble initiators such as azo
compounds, e.g. benzoyl peroxides, etc. [15].
It should be noted that the amount of monomer that can be
solubilized within microemulsion droplets is generally quite
low, whereas the levels of surfactant and cosurfactant required
to stabilize the colloidal system are very high in O/W micro-
emulsion products [16]. The reaction rate in a microemulsion
is often inﬂuenced by the charge at the interface which depends
on the type of the surfactant used [13], anionic, cationic and
non-ionic [15]. The size of the polymer particles can vary widely
according to the reaction approach. The range of diameters for
the latex particles prepared by the microemulsion polymeriza-
tion is ca. 10–50 nm. A lower limit of ca. 50 nm and an upper
limit of ca. 200 nm are generally obtained by the miniemulsion
polymerization. The upper limit of ca. 5000 nm (so called coarse
polymer dispersions) can be obtained by the conventional emul-
sion polymerization [17]. The microemulsion polymerization
have been used as chemical reactors due to their special interfa-
cial properties allowing an intimate contact of reactants [18],
and its properties are time independent. Thus, the observation
of particle growth in microemulsions due to kinetic processes
is a contradiction in itself, since microemulsions are deﬁned as
thermodynamically stable systems. The kinetic exchange pro-
cesses are responsible for the ﬂuctuation around the equilibrium
size. The micro-droplets lose their thermodynamic stability,
once a polymer chain is formed, and the particle growth is re-
lated to the ratio of the absolute rate of reaction to the transport
rate of the monomer between different micelles [12].
The main target of this work is to synthesize high molecular
weight polyalkyl acrylates by the microemulsion polymeriza-
tion technique. Our attention should be extended to discuss
the factors affecting the molecular weight of the produced
polymer nanolatexes.
2. Experimental
2.1. Materials
Octadecylacrylate (ODA), isooctylacrylate (iso-OA) and 1-Oc-
tene (nO) monomers and the emulsifying agent sodium dodecyl
sulfate (SDS) were purchased from Aldrich, whereas potas-
sium persulfate (KPS) was purchased from Fluka. Toluene,
methanol, n-butanol and bi-distilled water were used as poly-
merization medium. All chemicals used are of analytical grade.
2.2. Synthesis of polyoctadecylacrylate (PODA) and
copolymers of poly (ODA-co-iso-OA) and poly (iso-OA-co-nO)
The reactions were performed in a four-necked ﬂask equipped
with a reﬂux condenser, a thermocouple and a dropping funnel
under nitrogen atmosphere. Twenty two grams of SDS wasdissolved in 120 g of bi-distilled water. The dissolved [18 g of
ODA, 18 g of (ODA+iso-OA) and 12 g of (iso-OA+nO)] in
toluene was added dropwise and stirred, in the presence of
14 g of butanol as co-emulsiﬁer. The reactions were catalyzed
by KPS. The reaction products were puriﬁed by repeated pre-
cipitation with methanol, ﬁltration, and redissolving in tolu-
ene. The ﬁnal products were dried in vacuum desiccators.
[19]. The reactions are illustrated in Scheme 1.
2.3. Molecular weight determination
Gel permeation chromatography (GPC) was performed at
30 C using GPC-Water 2410, with a refractive index detector
using column styragel HR THF 7.8 · 300 mm, equipped with a
water 515 HPLC pump. THF was used as an eluent at a ﬂow
rate of 1 ml/min. Aliquots (1 ml) of each sample were diluted
with an appropriate amount of THF and shaken vigorously,
then passed through a ﬁlter and injected into the GPC for
analysis.
2.4. Characterization of polymers by FT-IR
Characterization of the prepared polymers was carried out on
a Nicolet iS10 FT-IR, spectrometer [Thermo Fisher Scientiﬁc
(USA)]. The polymers were isolated through the precipitation
of the reaction mixture from methanol and dried under vac-
uum (10 Pa). Then 10 mg of the polymer samples was held
to make suitable plates that were subjected to infrared beams.
2.5. Determination of the polymer particle size by TEM
Volume-average particle size was measured with a transmis-
sion electron microscope (TEM), using a JEOL (JTEM-1230)
electro-microscope (Japan) operated at 100–200 kV. Carbon
grid was used to prepare the samples for TEM observation.
A little amount of the polymer sample was dispersed in etha-
nol, and the suspension was treated in an ultrasonic bath for
2 min.
3. Results and discussion
3.1. Infrared spectroscopy FT-IR
Infrared spectroscopy was used to investigate the chemical iden-
tity of the produced species. The puriﬁed nanolatexeswere found
to be soluble in toluene and THF. Figs. 1 and 2, show FT-IR
spectrum of the puriﬁed polymer PODA, P(ODA-co-iso-OA)
and P(iso-OA-co-nO) and their monomer, exhibiting strong
bands at 1731 cm1 for >C‚O stretching of ester, and bands
at 2849–2959 cm1 for C–H stretching of the alkyl group. The
C‚C bands at 3418 and 1636 and the absorptions at 1384,
1302, 992, 888 and 810 cm1 were absent in the spectrum of
PODA [19]. The strong bands of alky group and the absence
of double bond bands give a good observation of monomer
conversion.
3.2. Gel permeation chromatography GPC
Molecular weights, polydispersity, and number of repeating
units of the prepared polymer nanolatexes were listed in Tables
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Scheme 1 (1) Synthesis of poly(octadecyl acrylate), (2) synthesis of poly(octadecyl acrylate-co-isooctyl acrylate) and (3) synthesis
of poly(isooctyl acrylate-co-n-octene).
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only two reaction rates are commonly detected: ﬁrst, the poly-
merization rate increases rapidly with the reaction time and
then decreases steadily. Essential features of microemulsion
polymerization are as follow: (1) the polymerization proceeds
under non-stationary state conditions; (2) the size and particle
concentration increase throughout the course of polymeriza-tion; and (3) the molecular weight is independent of conversion
and distribution of the resulting polymer [4].
The rate of microemulsion polymerization and molecular
weights was found to increase strongly with increasing mono-
mer concentration [20–22]. The molecular weights were found
to increase also with the increasing ratio of monomers and
concentration of SDS. The molecular weight parallels the
Figure 1 FT-IR of (a) poly(octadecyl acrylate) PODA and (b) octadecyl acrylate (ODA) monomer.
84 A.M. Al-Sabagh et al.propagation rate constant, the barrier to a radical entry and
the number of micelles. The higher the number of micelles
(lower radical entry rate per particle) or the stronger the bar-
rier to radical entry, the higher the lifetime of growing radi-
cals. The initially transparent microemulsions become bluish
to opaque as the polymerization proceeds. The increase in
the molecular weight and particle size provides a conclusive
evidence of the particle and polymer chain growth during
polymerization. Furthermore, the apparently small particle
sizes and the large polymer molecular weights suggest that
the polymer chains are collapsed and that only one, or at
most several, macromolecules make up each particle. These
ﬁndings support the hypothesis that in microemulsion poly-
merization, latex particles, after their formation, recruit
monomers from uninitiated monomer droplets [2]. The
polydispersity index is reported to vary from 1.8 to 2.7. From
Table 1, it was found that, the molecular weights of the pre-
pared polymers were (70 · 103 for PODA, 101 · 103 for
P(ODA-co-iso-OA) and 153 · 103 for (iso-OA-co-nO) g/mol).
The polydispersity was 1.8, 2.1 and 2.7 regarding the samepolymers. The discrepancy between the M. wt. and polydis-
persity may be due to the solubilization function of the emul-
siﬁer for the alkyl group of the monomers. It seems that the
long chain of monomer deactivates the formation of high M.
wt. as a result of the decrease of the monomer solubility by
emulsiﬁer in the internal core of micelles. Otherwise, the high
M. wt 153 · 103 g/mol of (iso-OA-co-nO) was obtained be-
cause the solubility of its monomers is much better among
the monomers of PODA and P(ODA-co-iso-OA). The reac-
tion rates increase with increasing the temperature of the ini-
tiator because the decomposition rate of initiator increases
with temperature. Furthermore, the particle size is indepen-
dent of the initiator type but it decreases with the initiator
concentration. Thus, the molecular weight decreases with ini-
tiator concentration and temperature [23]. The high molecu-
lar weights and the low dependency on KPS concentration
were explained by the low radical absorption and desorption
rate which lead to the isolation of free radical inside the
microemulsion droplet, and reduce the probability of a bimo-
lecular termination reaction [12].
Figure 2 FT-IR of: (a) poly(isooctyl acrylate-co-1-octene) P(iso-OA-co-nO), (b) 1-octene monomer (nO) and (c) isooctyl acrylate
monomer (iso-OA).
Table 1 The molecular weights, polydispersity and reactant concentration of the prepared polymers.
Polymer Reactant concentration (g) M. wt. ·103
(g/mol)
Polydispersity
Monomer SDS Initiator Butanol
PODA 18 22 0.3654 14 70 1.8
P(ODA-co-i-OA) 18 24 0.3696 14 101 2.1
P(i-OA-co-nO) 12 19 0.3465 14 153 2.7
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Figure 3 TEM photos of: (a) PODA [Mag: 100k·], (b) P(ODA-co-iso-OA) [Mag: 300k·] and (c) P(iso-OA-co-nO) [Mag: 200k·].
Table 2 The relationship between monomer concentration
and molecular weight of the prepared polymers.
Polymer [M]/[SDS] M. wt. ·103
(g/mol)
No. of repeating
units
PODA 0.81 70 215
P(ODA-co-i-OA) 0.75 101 198
P(i-OA-co-nO) 0.63 153 516
Figure 4 The relationship between [M]/[SDS] and molecular
weights (M. wt).
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Microemulsions were formed when the following principles
were satisﬁed. First, the surfactant saturates the interface
rather than building up pure structures in either phase. Second,
the interface is highly ﬂuid that is the rigidity is low. Third, if a
cosurfactant is added the disorder increases the interfacial ﬁlm.
Fourth, long-range interactions are weak so that any crystalli-
zation between the droplets is suppressed [24]. The formation
of micelles is controlled by the chemical equilibrium between
the emulsiﬁer molecules and large micelle aggregates. At low
concentrations, the emulsiﬁer dissolves as free molecules but
as soon as the emulsiﬁer concentration exceeds the CMC,
the monomer concentration remains roughly constant and
the emulsiﬁer molecules aggregate into micelles. In aqueous
solutions, at concentrations not too large with respect to the
CMC, ionic emulsiﬁers form spherical or close to spherical mi-
celles [25]. Micelles are responsible for many of the processes,
such as: (1) enhancement of the solubility of organic com-
pounds in water, (2) catalysis of many reactions, (3) alteration
of reaction pathways, rates and equilibria, (4) reaction loci for
the production of polymer products, etc. [26]. The results ob-
tained showed that, all the latexes have an average diameter
larger than the diameter of the original monomer microemul-
sion droplets of 10–30 nm. The particle sizes of the produced
nanolatexes are between 10 and 100 nm as shown in Fig. 3.
A possible mechanism for the particle growth in microemul-
sion polymerization is a combination of coagulation and
monomer diffusion. As soon as polymers were formed in the
droplets, microemulsion became less stable. The droplet-con-
verted particles gradually coagulated to large sizes so that;
interparticle electrostatic repulsion could better stabilize them.
These ODA groups act as surfmers, stabilizing the polymers
and shielding them from further intermolecular reaction [27].
However, the continuous generation of the polymer particles
may lead to the decrease of the average particle size as illus-
trated in Fig. 3b, the smallest particle size of the prepared poly-
mers have moderate molecular weights. The molecular weightsof the produced polymers were reported to be of high molecu-
lar weight and their polydispersity index [Mw/Mn] to be in the
range of 1.8, 2.1 and 2.7 that are shown in Table 1, and the
relationship between (monomer concentration/emulsiﬁer con-
centration) [M]/[SDS] and M. wt. was observed in Table 2
and Fig. 4 [2].
The alkyl chain length of the co-emulsiﬁer has a strong inﬂu-
ence on the formation ofmicroemulsions [28]. The alcohols with
the short chain-length, up to six carbon atoms, form percolating
microdroplets while those with longer alkyl chain length, above
six carbons, form non-percolating hard-sphere (miniemulsion)
droplets. The alkyl acrylate or its polymer is expected to (1)
screen the repulsive forces between the charged surfactant head
groups and microemulsion particles and (2) change the internal
structure of the interface (close-packing of emulsiﬁer and co-
emulsiﬁer) [29]. Lower alkanols, e.g. methanol, ethanol, and
to a great extent propanol are miscible with water, whereas
higher alkanols starting from butanol are moderately, poorly,
or very poorly soluble in water, and therefore can be used as
oil substitutes. In fact, their hydroxyl groups have hydrophilic-
ity and in conjunction with ionic and non-ionic amphiphiles.
Lower alkanols can assist the formation of microemulsions
and therefore, are categorized as co-emulsiﬁers. Butanol and
pentanol are frequently used for this purpose [2].
Synthesis of polyalkylacrylate nanolatexes by microemulsion polymerization method 874. Conclusion
The homopolymers and copolymers composed of various pairs
of alkylacrylate and a-oleﬁn monomers with side-chain lengths
varying from 8 to 18 carbons were prepared. The prepared
polymer nanolatexes have high molecular weights of range
(70–153 · 103) and particle sizes that range from 10 to
100 nm. The physical properties of copolymers were nearly
identical.
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